Introduction
The lifeguards are responsible for the prevention, monitoring and intervention in water environments. Even though, drowning is the third leading cause of accidental death worldwide. 1 It is the first leading cause in Southeast Asia in children under seventeen years old, 2 the second in the European Union 3 and it is among the first three in the United States. 4 The European Resuscitation Council Guidelines for Resuscitation (ERCGR) 2010 formulate basic recommendations in order to deal with a water rescue, 1 but there are hardly any studies that will help them to improve their performance during the rescue. This circumstance raises a question: are the general, outof-hospital, emergency recommendations, promoted by the resuscitation guidelines, appropriate for the type of intervention carried out by the lifeguard?
The intervention of a rescuer can be divided into two parts: the water rescue and the first aid. For the rescue, lifeguards can use auxiliary floating material and the auxiliary propulsion material. The choice of the material is not based on scientific evidence but on local traditions. 5 Some investigations have discovered that the time of rescue does not significantly diminish when using flotation material, 6 and there is really no consensus about the ideal lifesaving material. 5 Many people who are drowning are able to help themselves or are rescued in time. 7 However, after a water rescue, it is possible that the lifeguard has to execute a cardiopulmonary resuscitation (CPR). 8 Currently, the European Resuscitation Council recommends a rapid intervention and quality CPR performance as determining factors for survival. 9 Different papers study the declining quality of the CPR depending on the time of execution 10 and the compression/ventilation ratio. 10, 11 These studies are necessary since it is possible that the lifeguard has to perform a CPR for a prolonged period of time, 12 as the response of the Emergency Medical Service (EMS) takes 5-8 minutes on average, 9, 13 although the EMS works differently across countries and across regions within a country.
14 This is why, the ERCGR 2010 and other studies recommend that the rescuers should be relieved every two minutes. 9, 15 Nevertheless, the lifeguard could be exerted in the moment of initiating the CPR.
A way to compensate the accumulated fatigue of the lifeguards would be the use of the automatic mechanical devices. However, little data are available to quantify the performance of mechanical chest compression devices. 16 Therefore, the purpose of this research is to analyse the effect of the rescue equipment on the speed of the res c ue, t h e inf luen ce of fa t ig u e o n t he CP R performance and, whether automatic compression mechanism improves the performance of the CPR.
Methods
Totally 65 professional lifeguards (51 male and 14 female) (Table 1) trained at the Universities of Vigo and A Coruña form the sample of this research. As inclusion criteria, lifeguards should be working professionals, with an optimum level of physical f itn es s b a sed on t he law a nd u pd a t ed u nd er the recommendations of the ERCGR 2010. 9 Their a s s ig n men t t o t h e s u r vey wa s vo lu n teer a n d disinterested. The research project was presented and approved by the ethic committee of the Illustrious Official School of Graduates in Physical Education and Sport Sciences of Galicia, respecting the ethical pr in cip les o f t he Helsink i C onven tio n. Ea ch participant authorised by informed consent the transfer of data and parameters necessary for this research.
The dependent variables were the time of rescue and CPR (compressions and ventilations). For the compilation of the rescue data a stopwatch approved in competitive swimming was used. The reporting of compressions and ventilations was registered by Laerdal Resusci Anne ® , with Laerdal PC Skill reporting 2.4 s of t ware ver sio n . This simula t or rec o rd s th e compressions and ventilations while at the same time it determines whether they are correct or not. For the verification of the compressions, the manikin controls the depth (5-6 cm), frequency (100-120 min -1 ), hands position and chest re-expansion. The ventilations are checked by measuring the air volume (500-600 ml) and flow rate. All this was performed under the recommendations of the ERCGR 2010. 9 For the CPR, one group used a device called Lund University Cardiac Arrest System (LUCAS). The LUCAS device is gas driven and provides automatic mechanical compression with cycles of 30 compressions spaced by 4 seconds. It also provides and active decompression back to the neutral position of the chest.
Demographic data of the 65 rescuers was recorded (a: Age in years; b: Height in cm; c: Weight in kg; d: Body mass index in kg·m -2 ). Subsequently, a pretest that assessed their level of CPR was conducted. The purpose of the pretest was to perform five minutes of CPR without prior fatigue (rested). . These data were reported by the weather forecasts. The rescue consisted of running 50 meters to enter the water, swimming 75 meters to the victim, dragging the victim 75 meters through the water and taking her out of the water to the dry sand. A manikin was used as a rescue victim. This dummy is used in competitions regulated by the International Lifesaving Federation.
Immediately after the rescue, the lifeguard should perform a 5 minute CPR on a victim (exhausted) ( Figure 1 ). The group LgT1 carried out the test without any auxiliary material. This is what we call "worse rescue conditions".The group LgT2 performed the test with auxiliary material. While conducting a rescue, all the lifeguards used flippers and a rescue tube, which is a flotation device to help support the victim's and rescuer's weight to make the rescue easier. In the CPR test, rescuers used the LUCAS. This is what we call "favourable rescue conditions" (Figure 2 ). The time to place LUCAS over the manikin was included in the five minutes. During the test, both groups received no feedback. Variables measured were: (1) Water rescue 
Results
The sample consisted of 65 lifeguards. Fifty-one were men and 14 were women. The average age was 21.81.74 years for men and 21.22.99 years for women. The demographic data of the sample can be seen in the Table 1 .
In the rescue test, both groups (LgT1 and LgT2) had to perform a displacement of 50 m over land, swim 75 m up to the dummy, move it to the mainland and pull the dummy out of the water. One hundred percent of the lifeguards from the LgT1 group opted for a transfer by the neck combined with a breaststroke kick, as the sea conditions were optimal. The rescuers from the LgT2 group used flippers and a rescue tube. They performed a displacement while running with the material in hand, put on the flippers as soon as they got to the water and moved the victim with the crawl kick. In order to take the dummy out to dry sand, both groups used a grip under the armpits of the dummy. On the other hand, in LgT2 a significant difference is observed in TCC (p=0.031), CCC (p=0.004), ICC (p=0.031), TBR (p=0.028), CBR (p=0.009) and IBR (p=0.003) ( Table 2 ).
(B) LgT1 vs. LgT2 in pretest and test: On the performance while rested, there are no differences between LgT1 and LgT2 in none of the analysed variables (Table 3) .
However, we obser ve the use of a n automatic m e c h a 
n i c a l c h e s t c o m p r e s s i o n d e v i c e h a s a

Discussion
This paper analysed the lifeguard's intervention, considering the time of a water rescue and the decreased quality of CPR induced by the fatigue provoked by a rescue. It also debates on how this decrease could be minimised.
The International Life Saving Federation proposed that the lifeguard should be able to rescue a victim 100 m from the coast. 17 In addition, some research suggests that the drowning victims normally are between 50 and 100 m. 18 In our study, rescuers had to swim 75 meters to the victim and tow it properly until they reached dry sand. The LgT2 is faster than LgT1 (p=0.003). In Prieto et al 6 study, the lifeguards with rescue material (torpedo buoy) took 8 s more than the lifeguards without material to reach the victim, but 3 s less to perform the complete rescue. This happened due to the fact that they were performing a rescue during the tidal surges. Our study was performed in calm water conditions and with the use of the rescue tube and flippers (LgT2), obtaining a difference of 44 s in comparison with the lifeguards without the rescue material.
In order to rescue a drowning person, the lifeguards may have to swim 8 , which can be extremely dangerous and with potential injuries or death. 19 Then, it's possible that a lifeguard has to execute a CPR. 8 Under these conditions, he will already feel an important physical fatigue. There are many studies which analyse the fatigue generated by the CPR itself in different time intervals. [10] [11] [12] [13] [14] [15] However, there are not so many researches which take into account if the rescuer is already tired. While we were comparing the pre test with the test performed by LgT1, we found differences between the total chest compressions. The lifeguards perform more compressions when they are tired. There are no reports which explain why the largest number of total compressions is performed after a rescue. In a similar study to ours, the lifeguards also performed more compressions after a water rescue. 20 In the study made by Ock et al 21 the number of the total compressions increased minute by minute during five minutes. In that study, a hand-only CPR was performed.
We have not found significant differences in the number of correct compressions. The same was happening in the Claesson et al study. 20 The reason could be the increase of the total compressions. We analysed the number of correct compressions at absolute level and the existing difference in the incorrect compressions. It has been observed that after a water rescue, the lifeguards significantly perform more incorrect compressions. The number of the incorrect compressions directly influences the survival of the victim. 22 The chest compressions require a considerable muscular strength. The rescuer should generate 44 kg of force to achieve the 50 mm depth. 15 However, the depth is not the only factor of quality chest compressions. Re-expansion of the chest, hand placement and the frequency are also quality criteria. All these factors were analysed in our study. We have proved that chest compressions were correct when there was no error.
In recent years, different automatic compression mechanisms have appeared in the market. It's an attractive alternative, due to theoretical advantages such as the elimination of the rescuer fatigue factor, and the need to stop CPR during rescuer changes. 23 In this study, the group LgT2 used the LUCAS device. LUCAS performs chest quality compression as it maintains the frequency and automatically calculates the depth. In fact, TCC was never equal than CCC b e c a u s e L U C A S m a k e s s e v e r a l i n s u f f i c i e n t compressions (less than 5 cm) at the beginning of the CPR, until it reaches the correct depth. It also promotes active chest decompression. 24 When we were comparing LgT1 with LgT2 after water rescue CPR, we found no significant differences in the total number of compressions. Correct and incorrect chest compressions are significantly better using LUCAS, which helps in getting a lot more quality compression. In this investigation, with the use of the automatic mechanisms of compressions, we have managed to obtain a better quality in the chest compressions, just as it was happening in the Putzer et al study. 25 If we compare the ventilations in groups LgT1 and LgT2, there are no significant differences either in the number of total ventilations (p=0.218), in the correct (p=0.758) and in the incorrect ones (p=0.91). The ventilations are not good in neither of the two groups. The rest of the lifeguards who perform the CPR with LUCAS does not seem to be sufficient in order to increase the quality of the ventilations. In general, the lifeguard has a lot of difficulties when he/she ventilates. 5 This can be seen in the results, in which we notice that already in rest, the correct ventilations barely reach 50%. That is why, even though the lifeguards perform worse ventilations after performing a water rescue, they are not capable of performing quality ventilations at any moment. This could be due to an inadequate training. It has been suggested that a CPR is a quality one when the percentage of ventilations and of compressions is above 70%. 26 This is a relevant fact, since the ventilations are very important for the drowning victims. 1, 7 The main limitation of this study is that the simulation scenarios can resemble reality, but they are never equal to it. There are multiple variables associated with motivation and decision making that can only be measured in real contexts. Lifeguards carried out the rescue in the same conditions, but the characteristics of the manikin are not identical to the ones of a human victim. The results should be taken with caution. There may be differences related to the distance of the rescue, if the water is fresh or salty, anthropometric features of the victim, lifeguard's physical condition, or the type of aquatic space. Furthermore, the CPR was analysed in a manikin. Therefore, it can only measure the quality of CPR, not the good clinical outcome of the victim.
We consider that the future investigations should analyse the existing relation between the physical condition of the lifeguard and the auxiliary materials in the quality of CPR performed when exhausted. Studies such as the ones conducted by Russo et al 15 or Ock et al 21 relate the physical fitness with the quality of CPR, but not under exhausted conditions. Prieto et al 6 study the influence in using the rescue material during the time of rescue and in the physiology of the lifeguard, but not in the CPR quality. Gender differences and their influence in the performance should also be studied, since they have not been analysed in this particular study, due to the shortage of female participants.
Conclusion
The use of the flippers and the rescue tube reduces the time of the intervention. A lifeguard who uses this material could begin a CPR almost a minute before. This would increase the chances of survival of the victim. However, the quality of the CPR after a water rescue is lower. After the rescue, the lifeguard performs more incorrect compressions. Likewise, the quality of the ventilations is much worse than when at rest. The u s e o f LU C A S i m p r o v e s t h e q u a li t y o f t h e compressions, reducing the number of incorrect compressions and increasing the number of correct compressions.
